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Abstract: Two field studies (I and II) at the University of Nebraska-Lincoln: John Seaton Anderson Turfgrass Research Facility near 
Mead, NE, USA, were conducted to determine if a new ultra-low volume (ULV) sprayer can apply foliar nutrient, growth regulator, 
and fungicide treatments, in a manner similar to that of a conventional sprayer. Treatments were applied over creeping bentgrass 
‘L-93’ (Agrostis stolonifera L.) managed as a fairway at 561 l · ha−1 and 47 l · ha−1 with the conventional and ULV sprayer, respectfully. 
Data were collected for chlorophyll content with a chlorophyll meter, and for the normalised difference vegetation index (NDVI) with 
a turf colour meter. Each plot was harvested for biomass at 21 days after treatment. Study II compared the ULV sprayer and a con-
ventional sprayer, for the control of brown patch (Rhizoctonia solani Kuhn) in creeping bentgrass. The treatments were propiconazole 
and azoxystrobin. Spray volume was 561 l · ha−1 for the conventional sprayer, and 19 l · ha−1 for the ULV sprayer. Statistical differences 
in turf quality or dry weight reductions between the conventional and ULV sprayer were not detected. Brown patch control was also 
similar between the two sprayers, but azoxystrobin provided better control than propiconazole. Even with a 30-fold decrease in ap-
plication volume, the results indicated that the Kamterter ULV sprayer may be a useful and effective management option for foliar 
fertiliser and fungicide applications in turfgrass.
Key words: application carrier volume, fertiliser application, Rhizoctonia solani, turfgrass management, ULV sprayer
Introduction
Turfgrass protection product labels commonly recom-
mend a carrier volume of at least 187 l · ha−1 to deliver 
acceptable efficacy of the product (Anonymous 2008a, b, 
2009, 2010, 2012). Previous research with turfgrass pro-
tection products analysed alternative methods of spray 
applications, but the convention is to use application vol-
umes of 187 l · ha−1 or greater (Bhowmik and Bingham 
1990; Johnson 1993a, b; Johnson 1997). Couch (1985) re-
ported carrier volumes of at least 407 l · ha−1 with con-
tact fungicides and 814 l · ha−1 for systemic fungicides to 
achieve acceptable control of brown patch (Rhizoctonia so-
lani Kuhn) and other diseases in turf management. Other 
research has demonstrated that an application volume of 
at least 407 l · ha−1 was necessary for proper disease sup-
pression in turfgrass (Fidanza 2009; Fidanza et al. 2009). 
This results in a reduced application efficiency because 
applicators and golf course superintendents can only 
cover a limited area per tank load. The use of ultra-low 
volume (ULV) technology has been documented in other 
cropping systems (Bode et al. 1985) but is not widely in 
use with turfgrass. 
Creeping bentgrassis is a common cool-season turfgrass 
in Nebraska and Midwest, USA. It is used primarily on golf 
courses and other highly managed playing surfaces. Golf 
greens are intensively managed turfgrass systems requir-
ing an annual nitrogen application of 100 to 250 kg · ha−1 per 
growing season (Carrow et al. 2001). Recent studies have 
identified the benefits of using foliar nutrients to enhance 
turf growth and quality, especially in creeping bentgrass 
(Gaussoin et al. 2009; Stiegler et al. 2011). Golf course su-
perintendents and turf managers apply nitrogen and other 
micronutrients as part of their management program to im-
prove turf growth. Trinexapac-ethyl use on turfgrass has led 
to increased nitrogen use efficiency and to drought tolerance 
during the summer months (Goss et al. 2002; McCann and 
Huang 2007; Kreuser and Soldat 2012). Trinexapac-ethyl use 
has also demonstrated an increase in turf quality by reduc-
ing plant stress (Heckman et al. 2001; McCullough et al. 2007).
Brown patch is a common disease, during hot and hu-
mid conditions, of creeping bentgrass which can be seri-
ous if not treated (Martin and Lucas 1984). The pathogen 
primarily affects the plant tissues at or above the soil sur-
face (Burpee and Martin 1992). Fungicide applications on 
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creeping bentgrass greens are regularly made to prevent 
and suppress brown patch from June to September in Mid-
west, USA (Settle et al. 2001). Golf course superintendents 
commonly make applications every 14 to 21 days during 
months where hot and humid weather persists (Settle et al. 
2001). Azoxystrobin is a common strobilurin fungicide for 
the control of brown patch in creeping bentgrass and other 
turfgrasses. It inhibits fungal pathogens by interfering with 
cellular respiration through the disruption of electron trans-
port in the mitochondria (Aspinall and Worthington 1999). 
Propiconazole is another widely used systemic fungicide 
for brown patch control in creeping bentgrass. Propicon-
azole is a dimethylation inhibitor that was first approved 
for use in turfgrass in the early 1980’s (Martin 2003).
Kamterter LLC in Waverly, NE, has developed the ULV 
sprayer to deliver application volumes as low as 9 l · ha−1. 
The sprayer utilises twin fluid atomisation principles that 
combine two precisely metered low pressure fluids, air 
and a liquid, to spray fixtures for atomisation and spray 
pattern control. In-depth discussions of the mechanics of 
the sprayer are found in Eastin and Vu (2012), and Fer-
guson et al. (2014a, b). The fixtures of the ULV sprayer 
have a larger orifice than conventional nozzles, this al-
lows for products to be applied that are not feasible with 
conventional pressure-against-an-orifice nozzles (Hanks 
and McWhorter 1991). The objective of these studies was 
to assess whether the ULV sprayer can effectively apply 
foliar fertilisers or fungicides in a turfgrass system, with 
effects comparable to a conventional sprayer. 
Materials and Methods
Description of treatments and research site
The research was conducted at the University of Nebraska-
Lincoln: John Seaton Anderson Turfgrass Research Facil-
ity near Mead, NE, USA. We evaluated an ULV sprayer 
against a conventional sprayer (Toro Multi-Pro 1200, The 
Toro Company, Bloomington, MN, USA, 55420). Treat-
ments with the conventional sprayer were always applied 
at 561 l · ha−1 with flat-fan XR11006VS nozzles (Spraying 
Systems Co., Wheaton, IL, USA, 60187) at 310 kPa and 
a ground speed of 5 km · h−1. The ULV sprayer treatments 
were applied at 19 l · ha−1 in study II, and 47 l · ha−1 in study I, 
with operating parameters of atmospheric pressure for the 
liquid and 5 kPa for the air pressure at the spray fixtures 
and at a ground speed of 5 km · h−1. The conventional spray-
er nozzles and ULV fixtures were all spaced at 50 cm and 
both sprayers had boom heights of 50 cm above the turf. 
The trials were applied over creeping bentgrass ‘L-93’ man-
aged at a fairway height of 1.3 cm. The soil type at the site 
was a Tomek silty clay loam (fine, montmorillonitic, mesic 
Typic Argiudoll). Treatments in each study were arranged 
in a randomised complete block design with 1.5 × 3 m 
plot sizes. In each year of replication, the trials were not 
conducted over the previous plot locations.
Study I 
The study contained three treatments for each sprayer 
and an untreated check (seven total treatments) arranged 
in a randomised complete block design with three rep-
lications. The treatments were: trinexapac-ethyl alone 
(T-NEX 1® AQ Quali-Pro, Raleigh, NC, USA, 27609) ap-
plied at 96 g  a.i., a [13-2-3-0.12-1.4-0.2-0.2] [N-P-K-Cu-Fe-
Mn-Zn](Gary’s Green Ultra®, Grigg Brothers,  Albion, ID, 
USA, 83311) applied at 29 l product · ha−1 + a [3-7-18-0.02-
0.01-0.05-0.001][N-P-K-B-Co-Cu-Mo] (P-K Plus®, Grigg 
Brothers, Albion, ID, USA, 83311) applied at 19 l product · 
· ha−1, and a treatment containing all three products at 
the respective rates mentioned above. Application carrier 
volume with the ULV sprayer was 47 l · ha−1 which was 
increased to keep the product application rates equal be-
tween the two sprayers. The tank mix treatments contain-
ing the foliar fertilisers with the ULV sprayer were mixed 
without any dilution and consequently were applied as 
pure product due to the low carrier volume feature of the 
ULV sprayer. The turf was watered daily to replace 80% 
ET and mowed every other day until the end of the first 
week of the study. A chlorophyll meter (FieldScout CM 
1000 NDVI Chlorophyll Meter, Spectrum Technologies 
Inc. Plainfield, IL, USA, 60585) was used to take three 
measurements of chlorophyll content in each plot at 7 
and 14 days after treatment (DAT) in 2012 and 21 DAT in 
2011. Three measurements in each plot were obtained for 
the normalised difference vegetation index (NDVI) with 
a turf colour meter (FieldScout TCM 500 NDVI Turf Color 
Meter, Spectrum Technologies Inc. Plainfield, IL, USA, 
60585). Plots were mowed after the first week and then 
left unmowed until they were harvested for a clipping 
biomass at 21 DAT. The clipping biomass was obtained 
by mowing a strip in the centre of each plot measuring 
0.6 × 3 m and collecting those clippings from each plot. 
The clippings were dried for 48 h at 60°C and dry weights 
were recorded. Weather data for the spraying and har-
vesting are listed in table 1.
Study II 
The study contained two treatments for each sprayer and 
an untreated check arranged in a randomised complete 
block design with four replications. Treatments selected 
were propiconazole (Banner Maxx II®, Syngenta Crop 
Protection, Greensboro, NC, USA, 27419) applied at 
1,747 g  a.i. · ha−1 and azoxystrobin-methyl (Heritage TL®, 
Syngenta Crop Protection, Greensboro, NC, USA, 27419) 
applied at 538 g a.i. · ha−1. Treatments were applied on 
June 28, 2012 and August 2, 2012. In 2013, treatments 
were applied on July 7 and August 8, respectively.  The 
creeping bentgrass was managed at a fairway height of 
1.3 cm for the study. Plots were mowed every other day. 
The turf was watered daily to replace 80% ET. Plots were 
rated for visual estimations of brown patch at 14, 28, 7/35, 
and 28/56 DAT. The DAT timings with multiple values 
are the days after the second application/the days after 
the first application, respectively.
Statistical analyses
Study II data were analysed with a repeated measures 
analysis using a general linear mixed model (PROC 
GLIMMIX) with replication as the random variable, and 
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the sprayer type, and date of measurement and treatment 
as the fixed variables. Study I data were analysed with 
a general linear mixed model, with replication as the ran-
dom variable, and the sprayer type, date of measurement 
and treatment as the fixed variables. For both studies, the 
mean separations were made with Tukey’s HSD (Kramer 
1957) at α = 0.05. For study II, year was not significant, so 
the data were analysed across both years. The data were 
analysed in SAS (Statistical Analysis System) software. 
Version 9.2. SAS Institute, Inc., Box 8000, SAS Circle, 
Cary, NC, USA, 27513). 
Results
Study I 
There were no differences across any of the recorded vari-
ables due to sprayer type. Differences in date of measure-
ment in 2012 were observed in the chlorophyll content 
and NDVI data where the 14 DAT measurement showed 
improved turf quality (Table 2). Turf quality improved 
across all treatments, including the untreated plots. Nor-
malised difference vegetation index values increased 
across plots from 7 to 14 DAT on those plots that had 
received a fertiliser application. This result was not ob-
served in the plots that were treated with trinexapac-eth-
yl alone. In 2011, there were no differences in turf quality. 
The temperature conditions for both years were different 
(p < 0.001), so the years were analysed separately. 
Study II 
Treatment differences were observed across both years 
(p < 0.001) where azoxystrobin reduced brown patch se-
verity more than propiconazole. Both sprayer types re-
sulted in a similar reduction of brown patch with either of 
the studied fungicides. Date of measurement differences 
were also observed (p < 0.001) where visual estimations 
of brown patch were lower after the second applica-
tion of fungicides compared to after the first application 
Table 1. The 2011 and 2012 weather conditions at the John Seaton Anderson Turf Research Facility near Mead, NE, USA, during the 
foliar fertiliser trial
Conditions
Date and event
9/15/2011 10/06/2011 06/28/2012 07/19/2012
application harvest application harvest
High temperature 17.2°C 28.8°C 38.9°C 38.3°C
Low temperature 3.3°C 13.8°C 22.7°C 21.7°C
Dew point 1.3°C 6.8°C 22.7°C 20°C
Wind speed/direction 10.3/NW 30.6/SW 9.8/W 9.3/W
Precipitation 16 mm* 0 mm
Conditions for the two years of the research are compiled for the date of application and the biomass harvest at 21 days after 
treatment. Wind speed is expressed as the average wind speed in kilometers per hour. Precipitation is the sum total during the three 
week period for each year of the study. 
*the precipitation from 2011 occurred only in the 5 days following the application
Table 2. The effect of foliar treatments on chlorophyll content, NDVI reflectance percentage, and dry weights, on a creeping bentgrass 
fairway, from the two sprayers, in 2011 and 2012
Treatment
Product 
rate 
[l · ha−1]
Chlorophyll content NDVI Dry weights
2011 2012 2011 2012 2011 2012
[relative chlorophyll content] [% reflectance] [g · plot–1]
21 DAT 7 DAT 14 DAT 21 DAT 7 DAT 14 DAT − −
Untreated – 414 322 b 388 a 81 74 bc 77 a 24 65
Trinexapac-ethyl 1 418 341 b 397 a 80 76 ab 76 ab 20 69
N-P-K-Cu-Fe-Mn-
Zn fertiliser blend + 
N-P-K-B-Co-Cu-Mo 
fertiliser blend
29 + 19 454 319 b 409 a 81 73 bc 76 a 29 65
Trinexapac-ethyl + 
N-P-K-Cu-Fe-Mn-
Zn fertiliser blend + 
N-P-K-B-Co-Cu-Mo 
fertiliser blend
1 + 29 + 19 423 315 b 383 a 79 73 c 77 a 19 62
Timing differences were noted in the chlorophyll content and normalized difference vegetation index (NDVI) percentage in 2012. 
There were no statistical differences between sprayer type in both years of the study. Chlorophyll content and NDVI were analysed 
as a repeated measures analysis and the 2011 data and the dry weight data were analysed with a generalised linear mixed model. 
Results with the same letter indicate no statistical difference; DAT – days after treatment
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(Table 3). The second application of propiconazole or 
the second application of azoxystrobin, further reduced 
brown patch severity. Between the 35 and 56 DAT mea-
surement, the weather was noticeably cooler, which fur-
ther reduced brown patch toward the end of the study in 
2012. This was also observed in the untreated plots where 
the brown patch severity continued to decrease through-
out the study (Table 3). 
Discussion
Study I
The trial was replicated over two years and applied in 
different meteorological conditions to exacerbate differ-
ences that might exist between the two sprayers. The trial 
was first applied on September 15, 2011 during a very 
cool and damp three weeks in the autumn. The trial was 
replicated in 2012 and sprayed on June 28, 2012, in order 
to conduct the study in hotter and drier conditions. The 
summer of 2012, in Nebraska, was one of the hottest and 
driest on record which allowed for a true range of con-
ditions with which to compare the two sprayers in this 
study (Table 1). Since creeping bentgrass is very sensitive, 
the hot and dry conditions were ideal for observing turf 
burn from the treatments. Over both years there was no 
observed turf burn from treatments applied from either 
sprayer – even pure product treatments applied from the 
ULV sprayer. 
The foliar nutrient additions improved turf quality 
with both sprayers at 14 DAT. There was an increase in 
the NDVI values from the 7 DAT to the 14 DAT measure-
ments in plots that received a fertiliser treatment. This 
result signified a positive effect of the application on turf 
quality. The chlorophyll content improved across all treat-
ments, but showed the largest gains in plots that received 
a treatment containing a fertiliser component. The dry 
weight harvests of each plot did not reveal a perceived 
benefit with the fertiliser addition where improved turf 
quality did not lead to increased turf biomass. A reduc-
tion in biomass compared to the untreated was observed 
in the combination treatment of fertiliser + trinexapac- 
ethyl. But the trinexapac ethyl treatment used alone, re-
sulted in an increased biomass. None of the biomass re-
sults were statistically different.
The conditions were quite different in both years of 
the study as referenced in table 2, yet the hot and dry 
summer of 2012 did not produce a different result from 
the cooler autumn application in 2011. Uptake of nutri-
ents was greater in the autumn 2011 application as com-
pared to the summer 2012 application, which confirms the 
findings from Gaussoin et al. (2009). In their study, they 
implemented a similar fertilisation scheme and found re-
duced nutrient uptake from a summer application. The 
application of trinexapac-ethyl used alone, did not re-
duce the dry weight biomass harvested from each plot as 
compared to the untreated plots, across both years of the 
study. Reduced dry weights, though, were observed in 
the combination treatment of fertiliser + trinexapac-ethyl. 
Trinexapac-ethyl did not appear to enhance turf quality 
in either year as chlorophyll and NDVI values were simi-
lar to the values of the untreated plots, however, leaf tis-
sues were not analysed to quantify differences. 
Study II
The ULV sprayer at 19 l · ha−1 reduced brown patch sever-
ity similar to the conventional sprayer at 561 l · ha−1; a 30-
fold reduction in application carrier volume. Brown patch 
was suppressed with an application carrier volume lower 
than that which Couch (1985) and Fidanza et al. (2009) 
identified as necessary for disease management with 
systemic fungicides. Azoxystrobin was not evaluated in 
the Couch (1985) study as azoxystrobin was not released 
until 1996, eleven years after his research was conduct-
ed. Propiconazole, however, was included in the Couch 
(1985) study, and the results from this study suggest that 
application carrier volume could be reduced without loss 
in efficacy. Further research is required to determine if the 
814 l · ha−1 application carrier volume used in that study 
would have provided greater brown patch control versus 
the 561 l · ha−1 application carrier volume with a conven-
tional sprayer or the 19 l · ha−1 application carrier volume 
with the ULV sprayer from this study. Previous research 
dealing with herbicides on weed control, showed that ef-
ficacy of contact herbicides was not affected by lower ap-
plication carrier volumes with the ULV sprayer (Ferguson 
et al. 2014b).
The droplet size spectrum of the ULV sprayer fixtures 
has been compared in previous studies (Ferguson et al. 
2014a, b). The ULV sprayer produced a similar droplet 
Table 3. Brown patch infection on a creeping bentgrass fairway, when treated with propiconazole and azoxystrobin from 
a conventional and ULV sprayer
Treatment Rate [g a.i. · ha–1]
Brown patch 
[%]
14 DAT 28 DAT 7/35 DAT* 28/56 DAT*
Untreated – 53 d 38 de 5 ab 0 a
Propiconazole 1,747 31 c 48 d 0 a 0 a
Azoxystrobin 538 18 a 7 ab 1 a 0 a
Treatments with the same letters were not statistically different. The ratings were separated through a repeated measurement 
analysis. Treatments were grouped across sprayer types as there was no difference between them. 
*the 7/35 and 28/56 days after treatment (DAT) ratings represent 7 and 28 days after the second application and 35 and 56 days after 
the first application respectively
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size to the trialled hydraulic nozzles, which in both stud-
ies were XR 11003 nozzles. Previous research with the 
ULV sprayer also showed a larger overall droplet size 
with the ULV sprayer fixtures compared to XR nozzles, 
when a drift reduction adjuvant was added to the spray 
solution. The nozzles used in this study were XR 11006 
nozzles, which likely would have produced a larger 
droplet size than the ULV sprayer fixtures, but this differ-
ence appears to be negligible based on the efficacy results 
from this study. 
Conclusions
Results from this study and previous research, demon-
strate the effectiveness of the ULV sprayer in turfgrass. 
Given the ability to make turfgrass protection and fun-
gicide applications at a thirty-fold decrease in applica-
tion carrier volume, means a greatly improved efficiency 
of application for golf-course superintendents and turf 
managers. The ULV sprayer provides an application sys-
tem comparable to conventional application technology 
in turfgrass, across a wide range of products and manage-
ment types in turfgrass. 
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